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1. BACKGROUND
In Japan, elderly people aged 65 or greater comprise 
more than 20% of the entire population, and Japan is cur-
rently one of the top-ranked aging nations in the world. 
Japan’s elderly population growth rate, which is mark-
edly higher than that of European countries and the US, 
affects delays in housing development, roads, and various 
other infrastructure. Moreover, public awareness of the 
rising number of elderly in the community remains quite 
limited. For instance, mobility of the elderly is a growing 
concern. Today’s human travel behavior is sustained by 
various modes of transportation. Automobile travel, in 
particular, is extremely convenient and facilitates door-
to-door travel at any time. However, aging increases the 
reliance on this form of travel. For example, the depen-
dence on automobile travel grows as muscular strength 
declines and musculoskeletal function, such as restricted 
joint movement, deteriorates with age. With the excep-
tion of city areas, which have trains, buses, and other ad-
vanced public transport systems, many regions in Japan 
exist where life would be difﬁcult without the use of au-
tomobiles for transportation. 
While the number of trafﬁc accident deaths has been 
on a downward trend among younger age groups, trafﬁc 
accident mortality remains high among the elderly. Peo-
ple 65 years old or older accounted for 47.5% of trafﬁc 
accident fatalities in the ﬁscal year 20071, and because 
these people account for 21.5% of the entire population2, 
this percentage has more than doubled, while trafﬁc acci-
dent injuries in other age groups are declining, they con-
tinue to rise in the elderly age group1.
In addition to increased mortality rates of trafﬁc ac-
cidents in the elderly, this group of people also suffers 
from altered cognitive functions that accompany aging. 
Cognitive functions, a collective term referring to recog-
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nition, memory retention, language, attention, judgment, 
and reasoning, are involved in the process of perceiving 
matter, are vital for daily activities, and are indispensable 
for properly driving automobiles. Studies have been per-
formed analyzing the relationship between driving and 
deterioration of cognitive functions, particularly due to 
dementia and diseases such as Alzheimer’s disease, cere-
brovascular disorders, and head injuries. These studies 
include pedestrian and vehicle accidents from the per-
spectives of the offender and victim3-9. Unfortunately, an 
effective assessment tool for doctors and other specialists 
to determine whether or not a person is ﬁt to drive is not 
available10.
Measurements to assist elderly people with driving 
are currently in place as part of a road safety policy, and 
one such measure is a license renewal course for the el-
derly. Presently, if the expiry date on the driver’s license 
extends beyond the holder’s 70th birthday, the driver is 
obligated, under the Road Trafﬁc Law, to enroll in a li-
cense renewal course for the elderly. The course is intend-
ed to make the participants aware of changes to their 
driving behavior through lectures and advice on safe driv-
ing, driving aptitude tests using driving simulators, and 
assessments of actual driving performance1. Furthermore, 
for participants 75 years old or more, cognitive function 
tests to detect memory impairment and disorientation 
have been incorporated as a criterion for driver’s license 
renewal in the revised Road Trafﬁc Law effective June 
2009.
Because the elderly rely heavily on automobiles 
and are typically involved in numerous trafﬁc accidents, 
it is necessary to examine the relationship between cog-
nitive functions and driving skills based on reliable data11. 
However, studies that include analysis of actual driving 
behavior are scarce.
Therefore, the present study obtained data from el-
der drivers renewing their licenses to analyze the relation-
ship between cognitive functions and automobile driving. 
This served as a rare opportunity to assess actual driving 
behavior in elderly drivers from a specialist’s perspec-
tive. The Trail Making Test (TMT), which is a cognitive 
function test, has been widely used to determine aptitude 
of attention and executive functions12-17, and because of 
its simplicity, it was selected for cognitive testing and data 
acquisition in the present study.
1.1 Objectives
To analyze the relationship between cognitive func-
tions and driving conditions or skills of elderly subjects 
attending a driving license renewal course.
1.2 Methods
1.2.1 Study subjects
The survey was conducted on 111 elderly subjects 
enrolled in a driving license renewal course at driving 
schools within the Kyushu region from August through 
October 2008.
1.2.2 Procedures
The driving license renewal course for the elderly is 
a requirement under the Road Trafﬁc Law, which stipu-
lates course methods, instructor to participant ratio, and 
course length. The length of the course was particularly 
important to the participants, and because it was not pos-
sible to extend the training period, the subjects were asked 
to participate in the survey during breaks in the three-hour 
license renewal course. After explaining the survey ob-
jectives and acquiring written consent, the participants 
were asked to answer a survey regarding why and how 
frequently they used an automobile.
The TMT was conducted during the second break, 
and was divided into TMT-A, which measures cognitive 
processing speed, and TMT-B, which entails greater cog-
nitive load. In the TMT-A test, participants were provided 
with an A4 sheet of paper with numbers from 1 to 25 print-
ed in random position and were asked to draw a line to 
join the numbers in ascending order as quickly and ac-
curately as possible, starting with 1.
In the TMT-B test, the subjects were again provided 
with an A4 sheet with numbers from 1 to 13, as well as 
the ﬁrst 12 letters of the Japanese character (“a” to “shi” 
in 50 hiragana table), 25 targets in total. The targets were 
printed in random position, and the subjects were asked 
to join them in ascending order, alternating between 
numbers and letters (1-“a”-2-“i”-3-“u”, etc., but using 
the hiragana). In this test, the participants were instructed 
to perform the task as quickly and accurately as possible. 
Because TMT-B comprises alternately joining numbers 
and letters while recalling, and constantly monitoring 
progress to determine the next target, as well as repeating 
the process of visual searching and locating targets from 
a random arrangement, the cognitive load is greater than 
TMT-A and requires more time. 
Typically, when conducting a TMT, regardless of A 
or a B, one examiner is assigned per subject to provide 
instructions and to draw attention to sequence mistakes 
so that they can be immediately corrected. In the present 
study, however, due to limited time during the license re-
newal course, as well as difﬁculty in arranging the same 
number of examiners and subjects, testing was performed 
as a group test by an examiner and several assistants, who 
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explained the test method, timed the test, and checked for 
mistakes after collecting the test sheets.
Furthermore, data from eyesight and simulator driv-
ing tests, such as reaction times, as well as feedback from 
the driving school, were obtained following consent from 
the participant and driving school. Data was analyzed us-
ing the statistical analysis software, SPSS ver.17.0.
The objectives of the study, methods, cooperation 
details, protection of human rights, study subject consent, 
anticipated disadvantages and risks, levels of medical 
contribution, methods of data disposal and storage, and 
general study information were verbally explained to the 
participants, as well as in writing. The participants con-
ﬁrmed their consent by signature. The study was con-
ducted with approval of the Institutional Review Board at 
the Faculty of Medicine, Saga University.
2. RESULTS
Testing was conducted on 79 survey subjects, who 
took part in the license renewal course for the elderly and 
participated in the questionnaire survey, driving simula-
tor test, on-site driving assessment at the school, and cog-
nitive function test. The subjects comprised 64 (81.0%) 
male participants and 15 (19.0%) female participants, 
with an mean age of 77.86 years and a standard deviation 
of 3.98 years.
2.1 Driving conditions
At the time of the course, 67.1% of the subjects 
were unemployed, 17.7% worked in agriculture and ﬁsh-
ing, and 15.2% worked in other professions. Overall, 
32.9% were employed. The stated purpose of automobile 
use included shopping (31.6%) and traveling to the hos-
pital (24.9%), which totaled 56.5%. Driving frequency 
mean 6.51 times per week, with a standard deviation of 
3.31 times, indicating that the subjects drove almost daily.
2.2 Comparison of cognitive function test results
The subjects were ﬁrst categorized according to 
TMT-A results relating to cognitive processing speed. 
Subjects who performed better than the mean TMT-A test 
time and who made no mistakes were categorized as the 
upper group. The remaining subjects were categorized as 
the lower group.
Table 1 shows the TMT-A test differences in mean 
values of measurement indicators between the upper and 
lower groups using t-test or chi-square test on the contin-
gency table. According to this table, there were no sig-
niﬁcant differences in mean values of driving age or age 
at which the driving license was acquired. Also, the driv-
ing frequency over a one-week period was slightly higher 
for the TMT-A upper group (mean. 6.96 times) than the 
lower group (mean. 5.83 times). However, the differences 
were not signiﬁcant.
A signiﬁcant difference between groups was ob-
served in the number of subjects who had experienced 
minor accidents (minor collisions or abrasions), with 
61.5% in the TMT-A upper group and 54.1% in the lower 
group (P=0.038). Furthermore, according to subject re-
sponses, the number of accidents was greater in the upper 
group (mean. 2.44 ± 1.67 times), compared to the lower 
group (mean. 1.62 ± 0.77 times), but was not signiﬁcant 
(P=0.098). No signiﬁcant differences were observed be-
tween the two groups in the contingency table totals for 
other types of accidents or number of accidents.
The TMT-A upper group demonstrated signiﬁcant-
ly better results for static visual acuity (P=0.022) and 
dark adaptation time (P=0.018), compared to the lower 
group. Moreover, in the driving simulator test, simple 
reaction time was signiﬁcantly faster (P=0.009) for the 
upper group (mean. 0.45 ± 0.10 sec) compared to the 
lower group (mean. 0.52 ± 0.20 sec), and the upper group 
(mean. 34.86% ± 70.17%) registered signiﬁcantly less 
(P=0.049) steering error rates (lower group: mean. 112.95% 
± 241.48%).
To assess practical driving performance during the 
driving school course, experienced, certiﬁed instructors 
accompanied the subjects and assessed performance us-
ing the prescribed Driving Behavior Checklist List. The 
following items were assessed: (1) driving attitude, (2) 
traveling straight through an intersection, (3) turning right 
at an intersection, (4) turning left at an intersection, (5) 
intersections with trafﬁc lights, (6) intersections with no 
trafﬁc lights, (7) intersections with limited views, (8) in-
tersections with a stop sign, (9) negotiation of bends, (10) 
changing lanes, and (11) passing parked vehicles. Strong 
and weak points were assessed for each of these 11 items, 
and the number of examinees with comments in the weak 
point section of each item were totaled and analyzed us-
ing the chi-square test.
As a result, analysis of the contingency table with 
the number of subjects identiﬁed with problems in the 11 
assessment items revealed a signiﬁcant difference be-
tween the TMT-A upper group (40.5%) and the lower 
group (64.9%) in ‘negotiation of bends’, (P=0.030). Sig-
niﬁcant differences were not observed in the number of 
subjects identiﬁed with problems in other assessment 
items nor in the total for all 11 items.
Next, TMT-B test results were analyzed. Because 
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Table 1  TMT–A upper and lower group comparison of measurement items
Items monitored
TMT–A  Upper Group TMT–A  Lower Group
N Mean
(Participants)
Standard 
deviation (%)
N Mean
(Participants)
Standard 
deviation (%)
p
Questionnaire 
Age 42 77.34 3.78 37  78.45 4.18 0.219
Driving frequency (times/week) 40 6.96 3.96 27  5.83 1.90 0.081
Age license obtained 41 33.27 10.11 31  29.90 8.20 0.134
Experienced minor accidents 
(Participants) 42 32  61.5% 37  20  54.1% 0.038
No. of minor accidents 27 2.44 1.67 13 1.62 0.77 0.098
65 or older who have experienced 
minor accidents (Participants) 42 21  50.0% 37  12  32.4% 0.114
No. of minor accidents experienced by 
drivers 65 or older 19 1.53 0.70  7  1.71 1.25 0.630
Experienced accidents (Participants) 42 19  45.2% 37  11  29.7% 0.156
No. of accidents experienced 16 1.31 0.60  8  1.31 0.88 1.000
65 or older who have experienced 
accidents (Participants) 42 12  28.6% 37  4  10.8% 0.050
No. of accidents experienced by drivers 
65 or older  9 1.33 0.71  2  1.00 0.00 0.538
Visual Impairment Test
Static Visual Acuity 42 0.67 0.23 37  0.56 0.20 0.022
Dynamic Visual Acuity 42 0.23 0.14 37  0.21 0.15 0.443
Dark Adaptation Time (Secs.) 42 43.19 14.93 37  51.08 13.86 0.018
Driving Simulation Test
Simple Reaction Test (Secs.) 42 0.45 0.10 36 0.52 0.12 0.009
Simple Reaction Deviation (Secs.) 42 0.17 0.09 35  0.20 0.10 0.155
Oversights (No.) 42 0.05 0.31 37  0.03 0.16 0.718
Steering Error Rate 42 34.86 70.17 37  112.95 241.48 0.049
Points corrected during driver assessment
Driving Performance (Participants) 42 13 31.0% 37  8 21.6% 0.349
Direct Forward Progress (Participants) 42 5 11.9% 37  3 8.1% 0.577
Right Turn (Participants) 42 40 95.2% 37  35 94.6% 0.896
Left Turn (Participants) 42 42 100.0% 37  37 100.0% -
Intersections with Trafﬁc Lights 
(Participants) 42 15 35.7% 37  17 45.9% 0.355
Intersections without Trafﬁc Lights 
(Participants) 42 23 54.8% 37  17 45.9% 0.434
Intersections with Limited Views 
(Participants) 42 25 59.5% 37  28 75.7% 0.127
Temporary Stop (Participants) 42 38 90.5% 37  34 91.9% 0.825
Negotiating Curves (Participants) 42 17 40.5% 37  24 64.9% 0.030
Altering Course (Participants) 42 21 50.0% 37  16 43.2% 0.548
Vehicle Passing (Participants) 42 18 42.9% 37  17 45.9% 0.783
Total No. of points corrected 42 6.12 1.67 37  6.34 1.32 0.451
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this test was performed as a group, and the subjects were 
not instructed to correct mistakes during testing, conclu-
sions cannot be drawn with regard to time to join all 25 
targets or the number of mistakes. Therefore, the examin-
ees were analyzed after they were assigned to two groups - 
subjects who ﬁnished joining all 25 targets without any 
mistakes (TMT-B completion group) and subjects who 
made mistakes or did not complete the test (TMT-B non-
completion group). These results are shown in Table 2.
Signiﬁcant differences were observed in weekly 
driving frequency (TMT-B completion group: mean. 8.19 
± 4.93 times; TMT-B non-completion group: 5.98 ± 2.45 
times; P=0.019), simple reaction time deviation (TMT-B 
completion group: 0.15 ± 0.08 sec; TMT-B non-comple-
tion group: 0.20 ± 0.09 sec; P=0.049), and steering error 
rate (TMT-B completion group: 19.21% ± 23.88%; TMT-
B non-completion group: 90.34% ± 202.25%; P=0.011). 
Problems, which were highlighted by the driving instruc-
tors, revealed a similar trend to the TMT-A test. In the 
contingency table, which indicates the number of sub-
jects identiﬁed with problems in the two groups, a sig-
niﬁcant difference (P=0.027) was observed in only 1 of 
the 11 assessment items-‘passing parked vehicles’-which 
was 23.8% for the TMT-B completion group and 51.7% 
for the TMT-B non-completion group. No signiﬁcant dif-
ference was measured in the problem item totals.
3. DISCUSSION
3.1 Analysis of cognitive functions and driving 
In the present study, a driving conditions question-
naire, which was part of a license renewal course for the 
elderly, as well as driving aptitude tests with a simulator, 
driving behavior on a driving course, and cognitive func-
tion measurements were analyzed. The subjects were 
then assigned to two groups based on processing speed 
(TMT-A test) and cognitive processing capacities (TMT-
B test). The proportion of subjects from the TMT-A up-
per group who had experienced minor property damage 
accidents was greater than the lower group, but there were 
no signiﬁcant differences in accident occurrence. More-
over, the upper group excelled at visual functions and 
posted higher scores for simple reaction times and steer-
ing error rates in the driving simulator test. The number of 
subjects who required assistance during the driving be-
havior assessment on the driving course was less than the 
lower group on only one of the assessment items–‘nego-
tiation bends’. These results demonstrated that the TMT-
A upper group exhibited superior sensory and motor 
functions and, subsequently, led more active lives. This 
difference became apparent when comparing the number 
of minor accidents. 
Results showed that the TMT-B completion group 
drove more frequently and posted more stable simple re-
action times and lower steering error rates compared to 
the non-completion group. Similar to the TMT-A upper 
group, this was indicative of high levels of daily activity. 
In terms of higher levels of cognitive functions, the sub-
jects exhibited good driving attitude overall and were 
careful when driving alongside parked vehicles during 
the driving behavior assessment. A total of 30 items were 
analyzed, comprising 11 items for the questionnaire, 3 
items for the visual function test, 4 items for the driving 
simulator test, and 12 items for the driving behavior as-
sessment. However, only a few of the items displayed 
signiﬁcant differences. Because signiﬁcant differences 
were not observed in items that were directly related to 
accidents, no relationship was identiﬁed between trafﬁc 
accidents or near misses and cognitive function test per-
formance.
Human behavioral processes, such as recognition, 
judgment, and operation are known to be human factors 
associated with driving and sensory function, cognition, 
motor function, and physical function, and have been 
shown to be relevant to driving behaviors (18). Various 
types of cognitive function tests have been used in previ-
ous studies. TMT, for one, has been frequently utilized 
and is recognized as being pertinent to trafﬁc accidents 
(12-17). In the present study, several results from the 
TMT data must be further analyzed. Although the course 
instructors explained to the subjects that they would not 
be disqualiﬁed from obtaining a license, even if they 
scored badly in the license renewal course for elderly, it 
was possible that the examinees experienced a certain 
level of stress. This may have resulted in subjects under-
rating, or providing no response to, questions regarding 
accident experience, which would affect the analysis. It is 
also conceivable that the TMT tests were conducted in 
conditions that were, at the very least, more tense than 
usual, and, therefore, the results did not accurately reﬂect 
true cognitive function levels. Furthermore, because the 
driving simulator test involved steering wheel, accelera-
tor, and brake pedal operations while looking at a PC-
controlled screen, the results could have been affected by 
whether the subjects were adept at using simulators. More-
over, automobiles of a different model, size, and transmis-
sion system (manual vs. automatic transmission) might 
have added a composite effect. Finally, the presence of 
an instructor and other examinees could have increased 
a sense of tension. Results from the course driving served 
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Table 2  TMT–B completed and uncompleted group comparison of measurement items
Items monitored
TMT-B Test Completed Group TMT-B Test Uncompleted Group
N Mean
(Participants)
Standard 
deviation (%)
N Mean
(Participants)
Standard 
deviation (%)
p
Questionnaire 
Age 21 76.85 3.82 58 78.22 4.01 0.181
Driving frequency (times/week) 16 8.19 4.93 5.1 5.98 2.45 0.019
Age license obtained 18 30.94 9.85 54 32.11 9.35 0.652
Experienced minor accidents 
(Participants)
21 16 76.2% 58 36 62.1% 0.242
No. of minor accidents 13 2.08 0.64 27 2.22 1.76 0.776
65 or older who have experienced 
minor accidents (Participants)
21 10 47.6% 58 23 39.7% 0.526
No. of minor accidents experienced by 
drivers 65 or older 
 8 1.63 0.74 18 1.56 0.92 0.853
Experienced accidents (Participants) 21 10 47.6% 58 20 34.5% 0.288
No. of accidents experienced  9 1.22 0.44 15 1.37 0.81 0.630
65 or older who have experienced 
accidents (Participants)
21 5 23.8% 58 11 19.0% 0.636
No. of  accidents experienced by 
drivers65 or older
 4 1.25 0.50 7 1.29 0.76 0.935
Visual Impairment Test
Static Visual Acuity 21 0.67 0.29 58 0.60 0.19 0.199
Dynamic Visual Acuity 21 0.25 0.15 58 0.21 0.14 0.257
Dark Adaptation Time (Secs.) 21 46.38 17.64 58 47.07 13.93 0.857
Driving Simulation Test
Simple Reaction Test (Secs.) 21 0.45 0.08 57 0.49 0.12 0.169
Simple Reaction Deviation (Secs.) 20 0.15 0.08 57 0.20 0.09 0.049
Oversights (No.) 21 0.00 0.00 58 0.05 0.29 0.421
Steering Error Rate 21 19.21 23.88 58 90.34 202.25 0.011
No. of Corrections in Driving Course Assessment
Driving Performance (Participants) 21 2 9.5% 58 19 32.8% 0.039
Direct Forward Progress (Participants) 21 3 14.3% 58 5 8.6% 0.461
Right Turn (Participants) 21 20 95.2% 58 55 94.8% 0.941
Left Turn (Participants) 21 21 100.0% 58 58 100.0% -
Intersections with Trafﬁc Lights 
(Participants) 21
10 47.6% 58 22 37.9% 0.438
Intersections without Trafﬁc Lights 
(Participants) 21
11 52.4% 58 29 50.0% 0.852
Intersections with Limited Views 
(Participants) 21
14 66.7% 58 39 67.2% 0.962
Temporary Stop (Participants) 21 17 81.0% 58 55 94.8% 0.055
Negotiating Curves (Participants) 21 9 42.9% 58 32 55.2% 0.333
Altering Course (Participants) 21 9 42.9% 58 28 48.3% 0.670
Vehicle Passing (Participants) 21 5 23.8% 58 30 51.7% 0.027
Total No. of points corrected 21 5.76 1.58 58 6.41 1.46 0.091
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as an assessment of a single sample of usual driving be-
haviors.
To produce a more objective assessment of driving 
aptitude and trafﬁc accident risks, accurate data on acci-
dents and near-miss incidents must be obtained, and meth-
ods should be introduced to allow for ongoing assessments 
of everyday driving behavior.
3.2 Limitations in cognitive function tests 
Although the license renewal course provided an 
opportunity to perform driving aptitude tests and driving 
behavior assessment on elderly subjects, the time and 
physical restrictions of completing assessment within three 
hours made it difﬁcult to obtain systematic cognitive 
function test results, as well as additional information 
and material. The present study analyzed one of the cog-
nitive function tests with cooperation of the course at-
tendees, but only partial information could be obtained to 
perform analyses on cognitive functions. Future studies 
should focus on more in-depth cognitive function tests.
3.3 Trends and problems in driving behavior in el-
derly people
In previous studies, numerous tests have been pro-
posed and utilized to assess automobile driving aptitude. 
However, a test that facilitates high-level detection of 
trafﬁc accidents, in terms of sensitivity and speciﬁcity, 
has yet to be developed. Although this problem is com-
mon for all age groups, the absence of a method to objec-
tively assess trafﬁc accident risks has resulted in biased 
views, particularly against elderly drivers. For example, 
in Japan, there are reports of serious fatal accidents caused 
by people driving in the opposite direction on highways 
(as a result of turning in the wrong direction at inter-
changes and merging sections) and head-on colliding 
with other automobiles. There have also been reports of 
out-of-control drivers in shopping car parks, which have 
crashed into shop buildings, killing and injuring bystand-
ers. In many cases, media reports mention that the inci-
dent was caused by drivers aged 65 years of age and older, 
or “senior drivers” as they are called. However, cases do 
not exist where detailed cognitive function test results or 
disease history from these drivers were disclosed. The 
high proportion of fatal trafﬁc accidents among the el-
derly, alterations and deterioration in physical and mental 
functions that accompany aging, as well as the develop-
ment of illnesses that trigger cognitive decline, such as 
dementia or cerebrovascular disorders, are believed to be 
responsible for accentuating the image that elderly driv-
ers are dangerous drivers. 
A related example is the application and subsequent 
revocation of penalties for not displaying an Elderly Driv-
er Sticker. Drivers aged 70 years and older are required to 
afﬁx a sticker to indicate that an elderly person is driving 
the vehicle. In 2008, ﬁnes were imposed on offenders. 
However, this provision came under ﬁre and was accused 
of discriminating against the elderly; it was irrational 
to impose uniform regulations based on age. This was 
later reverted to a best effort duty and was excluded from 
ﬁnes.
The Road Trafﬁc Law speciﬁes that a driving li-
cense might be invalidated or suspended when safe driv-
ing has been hindered due to physical disorders or illness-
es acquired after receiving the license. These include 
epilepsy, sleeping disorders, dementia, and deﬁciencies 
in recognition or operating abilities required for driving. 
A driving aptitude consultation service is initialized, and 
upon receiving self-declared reports, a hearing is held 
by Driver and Vehicle Licensing Centre employees. De-
pending on the symptoms, a doctor’s certiﬁcate is required 
for an ad hoc aptitude test. The decision to invalidate or 
suspend a license is made by the prefectural Public Safe-
ty Commission. In Japan, this system differs to the Medi-
cal Advisory Board (MAB) in the United States and is a 
provisional measure for consulting doctors when a need 
arises.
Furthermore, efforts are currently being made by 
government and private organizations to encourage el-
derly drivers to voluntarily return their licenses. In some 
regions of Japan, a service provides a certiﬁcate, for those 
who return their license, to be used at hotels, department 
stores, theme parks, and other places to receive discounts 
on products and fares. However, the development of sub-
stitution services for returning licenses has made little 
progress in regions that do not have public transportation 
to replace car travel.
3.4 Policies to sustain elderly mobility
Self-assessment of driving skills (with the assump-
tion that the skills have not deteriorated to the extent that 
the subject cannot drive) and the necessity to perform 
day-to-day activities are among some of the reasons why 
elderly drivers opt to keep driving. In the present survey, 
much of the driving was for the purpose of shopping or 
going to the hospital, and it was clear that many elderly 
believe that if they stop driving, life would become more 
difﬁcult. 
Programs for the mobility impaired are in effect in 
Japan, and are similar to the Special Transportation Ser-
vices (STS), which are in place in Europe and the United 
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States. One example is the paid welfare transportation 
service. This is a service whereby mobility impaired per-
sons, such as those authorized to receive care or those 
with physical and mental disabilities, can refer to the re-
gional welfare transportation service council upon ob-
taining certiﬁcation from relevant local governments. If 
the application is accepted, they can utilize vehicles and 
drivers of non-proﬁt organizations and other welfare 
transportation services run by the certifying body, for 
which the fares are set to roughly half the cost of a taxi. 
This system allows for autonomous decisions by respec-
tive operating councils. As long as negotiations are set-
tled, it should be possible to accommodate elderly who 
have returned their driving license due to cognitive dete-
rioration. To date, however, welfare transportation ser-
vices have not expanded to include these individuals.
The development of scientiﬁcally veriﬁable detec-
tion methods and systems for preventing trafﬁc accidents 
by the elderly while ensuring their mobility, as well as the 
detection and re-education of high-risk elderly drivers, or 
license suspension if no improvement is made, is a matter 
of urgency. It is equally important to obtain feasible means 
of transportation to support the mobility of the elderly. 
The need for re-educating and training high-risk 
drivers has been addressed in earlier studies (19-21), but 
it remains an issue that is common to all age groups, not 
just elderly drivers.
3.5 Future prospects
Aging effects on the mind and body, as well as health 
conditions, vary greatly between individuals. For elderly 
drivers, appropriate measures must integrate the present 
medical realm and situations relating to various mobility 
function including Activity of Daily Living (ADL), gait 
function and cognitive functions.  This should be a com-
prehensive mobility support system combining existing 
driving aptitude assessment methods with objective as-
sessment of actual driving behaviors, as well as the medi-
cal and nursing care perspective. A precursor to this could 
be a system for data collection prior to actual driving as-
sessment. It is necessary to examine past records of vi-
sual, sensory, physical, and motor functions, as well as 
medical diagnostics, supporting data, health conditions, 
driving habits, response times, tracking task performance 
observed in physical driving aptitude tests developed to 
date, cognitive function measurements from neuropsy-
chological tests, assessments of trafﬁc laws, road signs, 
and driving safety. An objective assessment of actual 
driving behavior is also necessary. For example, driving 
school instructors undergo advanced training to be quali-
ﬁed as examiners for assessing driving behavior. How-
ever, vehicle movement measurement results should also 
be analyzed more precisely by experienced specialists. 
It is possible that the obtained results varied from 
daily driving behavior, because they were collected on a 
single occasion during the license renewal course. In ad-
dition, during the driving course, the subjects had to drive 
vehicles that they were not accustomed to, which accen-
tuates the stressful circumstances. It is also necessary to 
perform assessments with a long-term, continuous, re-
cording system, which can ascertain daily driving behav-
iors of the elderly subjects.
Finally, proposals for securing means of transporta-
tion in the event that the individual is deemed unﬁt to 
drive should also be included. Links between medical 
and driving aptitude assessment systems are lacking un-
der the current framework. However, cooperation with 
public authorities for strategies to secure transportation 
modes remains even weaker. A system that incorporates 
all of related parties is needed.
4. CONCLUSION
Results from the driving license renewal course for 
the elderly, as well as the analysis of cognitive function 
tests, did not indicate a clear relationship between cogni-
tive function performance and driving conditions or be-
haviors. A more reliable system must be developed to 
assess driving aptitude of elderly drivers, and social strat-
egies are required to sustain mobility for the elderly.
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